Europalsches Patentamt 

© Publication number: 

A2 



® rtMMM European Patent Office r\ 

Omce europeen des brevets ® ™*a,,n number: Q ggQ ^ 



® EUROPEAN PATENT APPLICATION 

® Application number. 89309S48 9 

® ln, ci 5 . C 08 G 64/06 

® Dateoffiling: 20.09.89 C 08 G 64/14 



CM 
< 

o 

CO 
CO 



Priority: 22.09.88 JP 238428/88 
22.09.88 JP 238429/88 

@ 2 D 8 a c e 3 t PU o iC ,f i0n of W'^Son: 
28.03.90 Bulletin 90/13 

© Designated Contracting States: 

AT BE CH DE ES FR GB GR IT LI LU NL SE 



© Processfortheproduconofpo/ycarbonatas 

hydroxy oompoSndlL carbonir ° f an aroma «° 

carbonate compound herein fa? d oo^ "T" " 3 
out in the presence of from 0 05 to ?I moTo/ 9 ", 53 " 0 " is 
of the aromatic dihydroxy comL^ , % i baSed on 1 ^ 
10 to 40 carbon atoms a LrS, J 5 a pneno1 havin 9 from 
50 carbon atom Z a cXt add df haVi " 9 fr01 " 17 »° 

carbon atoms, usmaTc^TS Ster - havlns,om ^o^ 
containing basic compound ZlrwTiT 9 ^ 3 ni,roaen 
on 1 mole ofthe aromatic d ELET '° ^ mo,e - based 
™tal or alkaline ear^h mlfco^ ° omp ° Und ' of an alkali 
boric ester. Also disclosed ^ a n? and (o) boric *W or 

sodium content of not more ,h™ f nn V ?° UpS and » nas * 
of not more than 20 pp m PP 3n<3 3 0h,orin9 «»*»nt 



® 



Applicant: GE PLASTICS JAPAN LTD 

NIhonbashi-HonchoChuo-ku 
Tokyo 103 (JP) 



© j-ntor: Sak a 8h „a, Takes* . MI ts Ul P e , ro c h e m ,c aI (nd ., 

1-2 Wakl 6-chome Wakf-cho 
KUfla-gun Yamaguchi (JP) 

Kuga-gunYamaguchi (JP) 
■-ondon, WC1R 5EU (qbJ St,Uare Gra ^ 



Q. 



Bundestfruckerel Bertin 



EP 0 360 578 A2 

Description 

POLYCARBONATES AND PROCESSES FOR THE PRODUCTION THEREOF 

Field of the Invention 

The present invention relates to polycarbonates and processes for the production thereof More 

S—fV r l at6S tC \^r arb ™ aieS h3Ving 9XCellent color tone * heat ~l»tenci and water SltelSL S 
processes for the production thereof. 

Background of the Invention 

PviToTh °f th6ir . eXCe " er !, t mechanical characteristics, such as impact strength, and because of their 
™«L I" t r ,St T e , and t : a " sparenCy ' P°'y carb ° na ^ ™ widely used for various purposes. Known as 
E S v! 6 pr ° ductl °" of the P°Vcarbonates are processes which Involve a direct reaction of aromatic 
S»2 y H-h^ ,P0UndS SUCh .T biSphen ° IS Wlth Ph0sgene (interfece Presses), and processes HhX 
allowed ,n molten state to undergo ester interchange reaction (polycondensation reaction) 
wi h £ h 8SS6S produ ? ion of Polycarbonates by ester interchange of aromatic dihydroxy com pounds 
wrth carbonic ac.d diesters, the reactants are normally heated at a temperature of from 250 to 330 °C under 
reduced pressure and allowed in molten state to undergo the ester interchange in ^presence of catalvsts 

ore 0 " *r r9ani V alt ?' in ° rSaniC SaltS ' 0XideS ' hydroxides ' hydrides andloZateBT^s^SS 
o odf^H in 3 ' 6 , fT , 9e0US T the above - menti °^d interface processes in that polycarbonates are 

nr^, ,, h 1, t6rS m °' ten State ' h0wever ' have P° sed a problem I" that the polycarbonates 

produced are generally poor in color tone, heat resistance or water resistance "Donates 

Wrth a view of solving the problem we conducted extensive research and eventually accomplished the 

present invention on the basis of our finding that excellent heat resistance and water resistance can be 

SIS teminal 9™P* °< Polycarbonates being formed by end capping themwSh 

Object of the Invention 

The invention is intended to solve the problem associated with the prior art as mentioned above and an 

oTltn^T™ " t0 rf de ( Pr ° CeSSeS f ° r th6 pr ° dUCti0n ° f Polycarbonates c^"5jo2£ 
polycarbonates having excellent color tone, heat resistance and water resistance. 

Summary of the Invention 

A first process for the production of polycarbonates according to the invention comprises melt 

out said polycondensation in the presence of from 0.05 to 15 moio/o, based on 1 mole of the aromatic 
Ahydroxy compound, of an phenol having from 10 to 40 carbon atoms by using a catalyst comprising 
(a) a nitrogen containing basic compound, and 

alkSnSrfml 0 . 1™ ^ ^ °" 1 m °' e ° f ^ ar ° mati ° dihydroxy compound, of an alkali metal or 
aiKaune earth metal compound, and optionally 

exceedlno SOVo^tpwh^! 818 - * P 0 *™*™** ^ving hydroxy terminal groups not 

me-utri in mth whole termmal groups thereof an an intrinsic viscosity ft] of from 0.3 to 10 di/g, as 
measured in methylene chloride at a temperature of 20 "C 
A second process for the production of polycarbonates according to the invention comprises melt 

SSSoZS'oS a " di ^ 0XV ° 0mp0Und and 8 diphe ^ Carbonate c ™PO^ cha^c e iLd b 

carrying out sa.d polycondensation In the presence of from 0.05 to 1 5 mol %, based on 1 mole of the aromatic 

c?rnSg COmP ° U 3 Carb ° niC aC ' d di6Ster haVi " 9 fr ° m 17 10 50 Carb0n a,0ms by -ins aTa^st 

50 ( a ) a nitrogen containing basic compound 

-A^^a^^oSon^ ° f ^ diMrOXy ° 0mPOUnd ' ° f a " a,ka,i metal ° r 

exceed!™ ^^'1°' ?? f^' thereby Droducin 9 a Polycarbonate having hydroxy terminal groups not 
« ' h + u 6 Wh u' e term ' nal 9r0ups thereof and an intrinsic viscosity h] of from 0.3 to 1 0 dl/g as 

55 measured in methylene chloride at a temperature of 20 °C. 

A third process for the production of polycarbonates' according to the invention comprises melt 
ca« 

ShX Polycondensation in the presence of from 0.05 to 15 mol <M>, based on 1 mole of the aromatic 

eo 25r P ' 3 Carb0nlC aC ' d di8Ster fr ° m 13 t0 16 caVbon at °™ by «*! a Sst 

(a) a nitrogen containing basic compound, 

alSe^ 
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(c) boric acid or boric ester, thereby producing a polycarbonate having hydroxy terminal groups not 
exceeding 30 % of the whole terminal groups thereof and an intrinsic viscosity [tj] of from 0.3 to 1.0 dl/g, as 
measured in methylene chloride at a temperature of 20 °C. 

A polycarbonate according to the invention is characterized in that from 10 to 30 % of its terminal groups 
are hydroxy groups. 

Further a polycarbonate according to the invention is characterized in that from not more than 30 Vo of its 
terminal groups are hydroxy groups and that It has a sodium content of not more than 1 ppm and a chlorine 
content of not more than 20 ppm. 

Detailed description of the invention 

The processes for preparing polycarbonates according to the invention will be illustrated in detail. 

In the first process according to present invention, the polycarbonates are prepared by melt 
polycondensation of an aromatic dihydroxy compound and a carbonic diester in the presence of a phenol 
having from 10 to 40 carbon atoms. 

The aromatic dihydroxy compounds used herein are those which are represented by the following general 
formula (I) 




-C-, -C-, -O", -S-, SO- or -S0 2 -, 
R 2 R 3 

-0-, -S-, SO- or -S02-, Ri and R2, each represents a hydrogen atom or a monovalent hydrocarbon group, R3 is 
a divalent hydrocarbon group, and the aromatic nuclei may be substituted by a monovalent hydrocarbon group 
or groups. 

Useful aromatic dihydroxy compounds as illustrated above include in the concrete bis(hydroxyaryl)alkanes 
such as bis(4-hydroxyphenyl) methane, 1,1-bis(4-hydroxyphenyl) ethane, 2,2-bis(4-hydroxyphenyl)propane, 
2,2-bis(4-hydroxyphenyl) butane, 2,2-bis(4-hydroxyphenyl)octane, bis(4-hydroxyphenyl)phenylmethane, 
2,2-bis(4-hydroxy-1 -methylpheny I) propane, 1 , 1 -bis(4-hydroxy-t-butyiphenyi) propane, and 2,2-bis(4-hydroxy- 
3-bromophenyl) propane; bis(hydroxyaryl)cycloalkanes such as 1,1-{4-hydroxyphenyl)cycIopentane and 
1,1-bls(4-hydroxyphenyl)cyclohexane; dihydroxyaryl ethers such as 4,4'-dihydroxydiphenyl ether and 
4,4'-dihydroxy-3,3'-dimethylphenyl ether; dihydroxydiaryl sulfides such as 4,4'-dihydroxydiphenyl sulfide; and 
4,4'-dihydroxy-3,3'-dimethyldiphenyI sulfide; dihydroxydiaryl sulfoxides such as 4,4'-dihydroxydiphenyi 
sulfoxide and 4,4'-dihydroxy-3,3'-dirnethytdiphenyl sulfoxide; and dihydroxydiaryl sulfones such as 4,4'-dihy- 
droxydiphenyl sulfone and 4,4'-dihydroxy-3,3'-dimethyidiphenyl sulfone. 

Of the compounds as exemplified above, particularly preferred is 2,2-bis(4-hydroxyphenyl)propane. 

Useful carbonic diesters which can be used herein include, in the concrete, diphenyl carbonate, ditolyl 
carbonate, bis (chlorophenyt) carbonate, m-cresyl carbonate, dinaphthyl carbonate, bis(diphenyl)carbonate, 
diethyl carbonate, dimethyl carbonate, dibutyl carbonate and dicyclohexyl carbonate. 

Of the diesters as exemplified above, particularly preferred is diphenyl carbonate. 

The carbonic diester used herein may contain a minor amount, e.g, up to 50 mol 0/0, preferably up to 30 
mol o/o, of a dicarboxylic acid or its ester. 

Such dicarboxylic acids and esters thereof are not particularly restricted by their numbers of carbon atoms, 
and examples of them include, for example, terephthalic acid, isophthalic acid, diphenyl terephthalate and 
diphenyl isophthalate. When such a dicarboxylic acid or its ester is conjointly used, polyesterpolycarbonates 
are produced instead of the polycarbonates. The invention contemplates the production of such 
polyesterpolycarbonates. 

In preparing polycarbonates by carrying out the first process according to the present invention, it is 
desirable that the above above-mentioned carbonic diester is used in an amount of 1.01 to 1.30 moles, 
preferably 1.02 to 1.20 moles based on 1 mole of the aforementioned aromatic dihydroxy compound. 

In the first process for the production of polycarbonates according to the invention the melt 
polycondensation of the aromatic dihydroxy compound and the carbonic acid diester is carried out in the 
presence of from 0.05 to 15 mole 0/0, preferably from 0.5 to 7 mol o/o, and more preferably from 1 to 5 mol 0/0, 
based on 1 mole of the aromatic dihydroxy compound, of an phenol having from 1 0 to 40, preferably from 15 to 
40 carbon atoms. 

Suitable phenols which can be used in the first process according to the invention are monohydric phenols 
including, for example, o-n-butylphenol, m-n-butylphenol, p-n-butylphenol, o-isobutylphenol, m-isobutylphe- 
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not. p-isobutylphenol, p-tert-butylphenol, nvtert.-butylphenol. p-tert.-butylphonrt^n^HmV^^ 
tylphenol P -n- P entylphenol, o-n-hexylphenol, m-n-hexylphenol, p-n-hexylphenol, o-cydohexylpheno m-cy- 
dohsxylphenol p-cyclohexylphenol, o-phenylphenol. m-phenylphenol. p-phenylphenol, o-n-nony pheno 
m-n-nonVlphenol p-n-nonylphenol, o-cumylphenol, m-cumylphenol, p-curny phenol ^^Pj™ 1 ' 
m-naphthylphenol. p-naphthylphenol. 2,6-di-tert,butylphenol, 2,5-di-tert-butylphenol, 2 4-d,- ert.-butylphe- 
nol. 3 5-di-tert.-butylphenoI, 2,5-dicumylphenol, 3,5-dicumylphenol, chromanyl compounds such as 



10 
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CH 3 



and 



OH 




OV-OH 



CH 3 CH 3 



20 and monohydric phenols of the formulas: 
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Of the phenols illustrated above, binucleus phenols having two aromatic rings such as p-cumylphenol and 
p-phenylphenol are particularly preferred. 

In the first process for the production of polycarbonates according to the invention, it is essential to carry 
out the melt polycondensatlon of the aromatic dihydroxy compound and the carbonic acid diester m the 
presence of 0 05 -15 mol o/o, based on the aromatic dihydroxy compound, of the phenol mentioned above. By 
doing so, intended sequestering of hydroxy terminal groups of the polycarbonate being formed proceeds 
sufficiently, leading to a product of satisfactory heat and water resistances, and the rate of melt 
polycondensation markedly increases. t 

All of the amount of the phenol to be used may be added to the reaction system prior to the reaction or a 
part of the amount of the phenol to be used may be added to the reaction system prior to the reaction with the 
remaining amount added during the reaction. In some cases, the reaction of the aromatic dihydroxy compound 
with the carbonic acid diester may be started in the absence of the phenol, and after the reaction has 
proceeded to some extent all of the amount of the phenol may be added to the reaction system. 

The second process for the production of polycarbonates in accordance with the invention will now be 

described in detail. . 

In the second process for the production of polycarbonates according to the Invention the melt 
polycondensation of the aromatic dihydroxy compound and the diphenyl carbonate compound is carried out in 
the presence of a carbonic acid diester having from 17 to 50 carbon atoms. 

As the aromatic dihydroxy compound those described hereinbefore with respect to the first process can be 
used 

As the diphenyl carbonate compound there can normally be used carbonic acid diaromatic esters having 
from 13 to 16 carbon atoms. Examples of such compounds include, for example, diphenyl carbonate, tnpheny 
carbonate, ditolyl carbonate, bis(chlorophenyl) carbonate and m-cresyl carbonate. Of these, diphenyl 
carbonate is particularly preferred. t ftl 0 , 

The diphenyl carbonate compound used herein may contain a minor amount, e.g., up to 50 mol w, 
preferably up to 30 mol o/o, of a dicarboxylic acid or its ester. Such dicarboxylic acids and esters thereof are not 
particularly restricted by their numbers of carbon atoms, and examples of them include, for example, 
terephthalic acid, isophthalic acid, diphenyl terephthalte and diphenyl isophthalate. When such a dicarboxylic 
acid or its ester is conjointly used, polyesterpolycarbonates are produced instead of the polycarbonates. The 
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invention contemplates the production of such polyesterpoiycarbonates. 

In the second process according to the invention, it is desirable that the above-mentioned diphenyl 
carbonate compound is used in an amount of from 1.01 to 1.30 moles, preferably from 1.02 to 1.20 moles per 
mole of the above-mentioned aromatic dihydroxy compound. 

In the second process according to the invention, the aromatic dihydroxy compound is melt polycondensed 5 
with the diphenyl carbonate compound in the presence of a C17 - C50 carbonic acid diester, which may be 
represented by the formula: 
A-O-C-O-B 

whereinA is an organic group having from 6 to 25 carbon atoms, and B is an organic group having from 10 to 10 
25 carbon atoms with the proviso that the total number of carbon atoms in the molecule does not exceed 50. 

More particularly, suitable C17 - C50 carbonic acid diesters which can be used herein may be represented by 
the following formulas. 



11 <Q^°-<f-°-^ 




O C O O R 1 

wherein R 1 is a hydrocarbon group having from 3 to 36 carbon atoms. 

R 2 

2) <oV- o - c - o — <o: 




O R 3 

wherein R 2 is a hydrocarbon group having from 1 to 19 carbon atoms, and R 3 is a hydrocarbon group having 
from 3 to 19 carbon atoms with the proviso that the total number of carbon atoms in the molecule does not 
exceed 50. 



R 4 



3) 




O 'C O O R 5 



(gy- o - c - o -t§f 
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wherein R 4 is a hydrocarbon group having from 1 to 30 carbon atoms, and R 5 is a hydrocarbon group having 
from 1 to 20 carbon atoms with the proviso that the total number of carbon atoms in the molecule is within the 
range between 17 and 50. ^5 

R 6 

4) 



so 



wherein R 6 Is a hydrocarbon group having from 4 to 37 carbon atoms. 55 
r 7 C O O R 8 

0 

wherein R 7 is a hydrocarbon group having from 1 to 30 carbon atoms, and R 8 is a hydrocarbon group having 65 
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from 2 to 20 carbon atoms with the proviso that the total number of carbon atoms in the molecule does not 
exceed 50. 

Examples of preferred Cu - Cso carbonic acid diesters which can be used in the second process according 
to the invention include, for example, carbobutoxyphenyl phenyl carbonate, butylphenyl methylphenyl 

5 carbonate, butylphenyl ethyiphenyl carbonate, di-butoxyphenyl carbonate, biphenyl phenyl carbonate, 
dibiphenyl carbonate, cumylphenyl phenyl carbonate, di-cumylphenyl carbonate, naphthylphenyl phenyl 
carbonate, di-naphthylphenyl carbonate, carbopropoxyphenyl phenyl carbonate, carboheptoxyphenyl phenyl 
carbonate, carbomethoxy-tert.-butylphenyl phenyl carbonate, carbopropoxyphenyl methylphenyl carbonate, 
chromanyl phenyl carbonate, dichromanyi carbonate. 

10 In the second process for the production of polycarbonates according to the invention, it is essential to 
carry out the melt polycondensation of the aromatic dihydroxy compound and the diphenyl carbonate 
compound in the presence of 0.05-15 mol <Vo, based on the aromatic dihydroxy compound, of the Ci 7 - Cso 
carbonic acid diester mentioned above. By doing so, intended sequestering of hydroxy terminal groups of the 
polycarbonate being formed proceeds sufficiently, leading to a product of satisfactory heat and water 

15 resistances, and the rate of melt polycondensation markedly increases. 

All of the amount of the C17 - C50 carbonic acid diester to be used may be added to the reaction system 
prior to the reaction, or a part of the amount of the C17 - Cso carbonic acid diester to be used may be added to 
the reaction system prior to the reaction with the remaining amount added during the reaction. In some cases, 
the reaction of the aromatic dihydroxy compound with the diphenyl carbonate compound may be started in the 

20 absence of the C17 - C50 carbonic acid diester, and after the reaction has proceeded to some extend all of the 
amount of the C17 - C50 carbonic acid diester may be added to the reaction system. 

The third process for the production of polycarbonates in accordance with the invention will now be 
described in detail. 

In the third process for the production of polycarbonates according to the invention the melt 
25 polycondensation of the aromatic dihydroxy compound and the diphenyl carbonate compound is carried out in 
the presence of a carbonic acid diester having from 13 to 16 carbon atoms. 

As the aromatic dihydroxy compound those described hereinbefore with respect to the first process can be 
used. 

As the diphenyl carbonate compound those described hereinbefore with respect to the second process can 
30 be used. 

In the third process according to the invention, it is desirable that the above-mentioned diphenyl carbonate 
compound is used in an amount of from 1 .01 to 1 .30 moles, preferably from 1 .02 to 1 .20 moles per mole of the 
above-mentioned aromatic dihydroxy compound. 

Examples of C13-C16 carbonic acid diester which can be used in the third process according to the 
35 invention as a sequestering agent include, for example, diphenyl carbonate, phenyl tolyl carbonate and ditolyl 
carbonate. Thus, cases wherein the sequestering agent is the same as the diphenyl carbonate reactant are 
contemplated in the third process according to the invention. 

By carrying out the melt polycondensation of the aromatic dihydroxy compound and the diphenyl carbonate 
compound in the presence of 0.05-15 mol °/o, based on the aromatic dihydroxy compound, of the Cia-de 
40 carbonic acid diester which may be the same as or different from the diphenyl carbonate compound, intended 
sequestering of hydroxy terminal groups of the polycarbonate being formed proceeds sufficiently, leading to a 
product of satisfactory heat and water resistances. 

Ail of the amount of the C13-C1 6 carbonic acid diester to be used may be added to the reaction system prior 
to the reaction, or a part of the amount of the C13-C16 carbonic acid diester to be used may be added to the 
45 reaction system prior to the reaction with the remaining amount added during the reaction. In some cases, the 
reaction of the aromatic dihydroxy compound with the diphenyl carbonate com pound may be started in the 
absence of the C13-C16 carbonic acid diester, and after the reaction has proceeded to some extent all of the 
amount of the C13-C16 carbonic acid diester may be added to the reaction system. 

In the first, second and third processes according to the invention, a combined content of chlorine 
50 contained in the starting material should preferably be not more than 20 ppm, and more preferably not more 
than 10 ppm. 

The term "chlorine content" means chlorine which is present in the form of salts such as sodium chloride 
and potassium chloride, and which is present in the form of organic compounds such as phenylchloroformate 
and methylene chloride. The chlorine content can be determined by an analysis such as ion chromatography. 
55 If the combined content of the chlorine contained in the starting materials is not more than 20 ppm, color 
tone of the produced polycarbonate desirably tends to become excellent. 

The combined content of chlorine contained in the starting materials can be easily reduced below 20 ppm by 
washing with hot water having a pH of from 6.0 to 9.0 preferably from 7.0 to 8.5, and more preferably from 7.0 to 
8.0, and kept at a temperature of from 78 to 105 °C, preferably from 80 to 100 "C, and more preferably from 80 
60 to 90 °C. 

Examples of the aqueous weak alkaline solution which can used herein include, for example, those of 
sodium hydroxide, potassium hydroxide, lithium, hydroxide, sodium carbonate, potassium carbonate, 
ammonium hydroxide, sodium hydrogencarbonate, potassium hydrogencarbonate and tetramethylammonium 
hydroxide. Of these, aqueous solutions of sodium hydrogencarbonate, sodium carbonate, potassium 
65 hydrogencarbonate and potassium carbonate are preferred. 
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The carbonic acid diester or diphenyl carbonate and the diphenyl carbonate compound so washed with a 
hot weakly alkaline aqueous solution is used in the melt polycondensation either directly or preferably after 
having been distilled. 

Further, in the present invention, it is also advantageous to use the starting materials having the combined 
content of sodium ion reduced to preferably not more than 1 .0 ppm, and more preferably not more than 0.5 5 
ppm. By doing so, poiycar bonates of further improved color tone can be prepared. 

The sodium ion content in each of the starting materials may be determined by atomic-absorption 
spectroscopy or induced coupling plasma emission spectroscopy. 

The content of sodium ion in each starting material can be reduced by purification methods such as 
distillation or recrystallization. In particular, the sodium ion content in the aromatic dihydroxy compound can 10 
be reduced by a method comprising forming an adduct of the aromatic dihydroxy compound with a 
monohydric pheno!, separating the adduct and distilling off the monohydric phenol from the adduct. 

In the process for the production of polycarbonates according to the invention by melt polycondensation of 
an aromatic dihydroxy compound and a carbonic acid diester or by melt polycondensation of an aromatic 
dihydroxy compound and a diphenyl carbonate, the process for the production of polycarbonates is carried 15 
out by using a catalyst comprising : 

(a) a nitrogen containing basic compound, and 

(b) an alkaii metal or alkaline earth metal compound. 

Useful nitrogen containing basic compound as component (a) of the catalyst includes, in the concrete, 
tetraalkyl-, aryl- or alkarylammonium hydroxides such as tetramethyiammonium hydroxide (Me4NOH), 20 
tetraethylammonium hydroxide (EUNOH), tetrabutyiammonium hydroxide (BU4 NOH) and trimethyibenzylam- 
monium hydroxide 



CH 2 (Me) 3 NOH) ; 25 



tertiary amines such as trimethylamine, triethylamine, dimethyibenzylamine and triphenyf amine; secondary 
amines represented by R2NH (in the formula, R is alkyl such as methyl or ethyl, or aryl such as phenyl or toluyl) ; 
primary amines represented by RNH2 (in the formula, R is as defined above) ; or basic salts such as ammonia, 30 
tetramethyiammonium borohydride (Me4NBH4), tetrabutyiammonium borohydride (BU4NBH4), tetrabutyiam- 
monium tetraphenyl borate (Bu4NBPh4) and tetramethyiammonium tetraphenyl borate (Me4NBPh4). 

Of the nitrogen-containing basic compounds as exemplified above, particularly preferred are tetraalkylam- 
monium hydroxides. 

Useful alkali metal compound as component (b) of the catalyst includes, in the concrete, sodium hydroxide, 35 
potassium hydroxide, lithium hydroxide, sodium hydrogencarbonate, potassium hydrogencarbonate, lithium 
hydrogencarbonate, sodium carbonate, potassium carbonate, lithium carbonate, sodium acetate, potassium 
acetate, lithium acetate, sodium stearate, potassium stearate, lithium stearate, sodium borohydride, lithium 
borohydride, sodium borophenylate sodium benzoate, potassium benzoate, lithium benzoate, disodium 
hydrogenphosphate, dipotassium hydrogenphosphate, dilithium hydrogenphosphate, disodium salt of BPA, 40 
dipotassium salt of BPA, dilithium salt of BPA, sodium phenylate, potassium phenylate, lithium phenylate. 

Furthermore, useful alkaline earth metal compound as component (b) of the catalyst includes in the 
concrete calcium hydroxide, barium hydroxide, magnesium hydroxide, strontium hydroxide, calcium 
hydrogencarbonate, barium hydrogencarbonate, magnesium hydrogencarbonate, strontium hydrogencarbo- 
nate, calcium carbonate, barium carbonate, magnesium carbonate, strontium carbonate, calcium acetate, 45 
barium acetate, magnesium acetate, strontium acetate, calcium stearate, barium stearate, magnesium 
stearate and strontium stearate. 

The amount of the nitrogen containing basic compound (a) is from 1Q~ 6 to 10 _1 mole, preferably from 10 -5 to 
10 -2 mole, per mole of the aromatic dihydroxy compound. The amount of the alkali metal or alkaline earth metal 
compound (b) is from 10 -8 to 10~ 3 mole, preferably from 10" 7 to 10" 4 mole, more preferably from 1CT 7 to 10 -5 50 
mole, per mole of the aromatic dihydroxy compound. 

The use of the nitrogen containing basic compound (a) in amount of 10~ 6 -1cr 1 mole based on 1 mole of the 
aromatic dihydroxy compound is desirable, because the rates of the ester interchange and polymerization 
reactions are increased and, the resulting polycarbonates are excellent in color tone, heat resistance and 
water resistance. 55 

Furthermore, the use of the alkali metal or alkaline earth metal compound in an amount of 1 0-8-1 0 -3 based 
on 1 mole of the aromatic dihydroxy compound is desirable, because the polymerization activity, particularly 
the rate of polymerization is markedly increased and, the resulting polycarbonates are excellent in color tone, 
heat resistance and water resistance. 

The catalyst used in the process according to the Invention comprising a combination of the nitrogen 60 
containing basic compound (a) and alkali or alkaline earth metal compound (b), are found higher in 
polymerization activity. 

They can form high molecular weight polycarbonates which are excellent in heat resistance and water 
resistance and improved in color tone and transparency. 
A preferred catalyst which can be used herein comprises : 65 
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(a) a nitrogen containing basic compound, 

(b) an alkali metal or alkaline earth metal compound, and 

(c) boric acid or boric acid ester. ^ 

Useful nitrogen containing basic compound as component (a) of the catalyst and useful alkali metal or 
5 alkaline earth metal compound as component (b) of the catalyst are those as exemplified previously. 

Useful boric acid or boric acid ester as component (c) of the catalyst includes boric acid and boric acid 
esters represented by the general formula B(OR) n (OH)3- n (in the formula, R is alkyl such as methyl and ethyl, 
or aryl such as phenyl, and n is 1, 2 or 3). 

Concretely, such boric acid ester as illustrated above includes trimethyl borate, triethyl borate, tributyl 
10 borate, trihexyl borate, triheptyl borate, trlphenyl borate, tritolyl borate and trinaphthyl borate. 

The preferred catalyst comprises from 10~ 6 to 10~ 1 mole, preferably from 10~ 5 to 10 -2 mole, based on 1 mole 
of the aromatic dihydroxy compound, the nitrogen containing basic compound (a), from 10" 8 to 10 -3 mole, 
preferalby from 10 -7 to 10~ 4 mole, and more preferably from 10" 7 ro 10 -5 mole, based on 1 mole of the aromatic 
dihydroxy compound, of the alkali metal or alkaline metal compound and from 1CT Q to 1CT 1 mole, preferably 
15 from 1CT 7 to 10" 2 mole, and more preferalby from 10~ e to 1CT 4 mole, based on 1 mole of the aromatic dihydroxy 
compound, of the boric acid or boric acid ester (c). 

The use of the nitrogen containing basic compound (a) and the alkali metal or alkaline earth metal 
compound (b) in amounts of from 10 -6 to 1CM mole and from 10 -8 to 10"3 mole, respectively, based on 1 mole 
of the aromatic dihydroxy compound is desirable for the same reasons as noted above. 
20 The use of boric acid or boric acid ester (c) in an amount of from 10~ 8 to 10 _1 mole based on 1 mole of the 
aromatic dihydroxy compound is desirable, because the resulting polycarbonates are excellent in color tone, 
water resistance, and heat resistance and a decrease in the molecular weight of the polycarbonates, when 
heat aged, is restrained. 

It has been found that the preferred catalyst comprising a combination of the nitrogen containing basic 

25 compound (a), alkali or alkaline earth metal compound (b) and boric acid or its ester (c), is much higher in 
polymerization activity and productive of higher molecular weight polycarbonates which are more excellent in 
heat resistane and water resistance and more improved in color tone and transparency, than with the catalyst 
comprising the nitrogen-containing basic compound (a) and the alkali metal or alkaline metal compound (b), 
and containing no boric acid or boric ester. 

30 In the processes according to the invention the polycondensation reaction of the aromatic dihydroxy 
compound with the carbonic diester or of the aromatic dihydroxy compound with diphenyl carbonate 
compound may be carried out under the same conditions known for the same reaction. Specifically, the first 
stage of the polycondensation are carried out under ambient pressure at a temperature of from 80 to 250 0 C M 
preferably from 100 to 230 °C, more preferably from 120 to 190 °C, for up to 5 hours, preferably up to 4 hours, 

35 more preferably from 0.25 to 3 hours. In the second stage, the reaction is continued while reducing the 
pressure and elevating the temperature, and completed eventually under a reduced pressure of 1 mmHg or 
lower amd at a temperature of from 240 to 320 ft C. 

The polycondensation reaction as illustrated above may be carried out either continuously or batchwise. An 
apparatus in which the above-mentioned raction is carried out may be of a type of tank, tube or column. 

40 The polycarbonates in accordance with the invention will now be discribed in detail. 

A polycarbonate according to the invention is characterized in that from 10 to 30 <Yo of its terminal groups 
are hydroxy groups. 

Further a polycarbonate according to the invention is characterized in that not more than 30 %, preferably 
from 5 to 25°/o, more preferably from 10 to 20%, of its terminal groups are hydroxy groups and that it 
45 preferably has a sodium content of not more than 1 ppm, more preferably not more than 0.5 ppm and a chlorine 
content of not more than 20 ppm, more preferably not more than 10 ppm. 

Such a polycarbonate is particularly excellent in color tone, heat resistance and water resistance. This is 
believed that while hydroxy! terminal groups of a polycarbonate provides reactive sites, the reduced chlorine 
and sodium contents prescribed herein suppress undesirable reaction of hydroxy! terminal groups thereby 
50 preventing the polycarbonate from being badly discolored. 

In addition, in cases that the polycarbonate according to the invention contains not more than 1 ppm of a 
total content of alkali metal such as lithium, potassium and cesium and alkaline earth metal such as beryllium, 
magnesium and calcium, the polycarbonate is excellent in color tone, water resistance and heat resistance. 

The polycarbonate according to the invention has an intrinsic viscosity [r\] of from 0.3 to 1.0 dl/g, as 
55 measured in methylene chloride at a temperature of 20 °C. 

The polycarbonate according to the invention is in no way restricted by processes for the production 
thereof. It can be produced, as illustrated hereinafter in some Examples, by the processes according to the 
invention in which conditions includin g the sodium and chlorine contents of the starting materials and the 
amount of the sequestering agent are suitably selected. Further, it will be produced by so-called interface 
60 processes, if conditions, in particular the sodium and chlorine content of the starting aromatic dihydroxy 
compound to be reacted with phosgen and the amount of a sequestering agent to be used are suitably 
selected. 
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Test for water resistance (2): 

A press sheet of a sample having a thickness of 3 mm was immersed in water kept in an autoclave, which 
was held in an oven at a temperature of 125 °C. for 5 days. The press sheet so treated was measured for a 
haze, by means of NDH-200 supplied by Nippon Denshoku Kogyo K.K. 

Conditions for the preparation of press sheet; 

Press sheets were prepared as follows, unless otherwise specified. Pellets of a sample were dried for 12 
hours at 120 °C under 400 mrnHg, maintained for 10 minutes under nitrogen atmosphere. Thereafter, the 
pellets were pressed for 5 minutes at 280 °C and 100 kg/cm 2 , and then pressed for 5 minutes at room 
temperature. 



10 
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Effect of the Invention 

By the first, second and thrid processes according to the invention in which meit polycondensation of an 
aromatic dihydroxy compound with a carbonic acid diester or diphenyl carbonate compound in the presence 
of a specific amount of a selected sequestering agent using a specific catalyst, there can be produced 
polycarbonates having hydroxy ternimal groups not exceeding 30 o/o, preferably not exceeding 20 %, more 
preferaiby from 10 to 20 o/o based on the whole terminal groups thereof and an intrinsic viscosity [t|] of from 0.3 
to 1.0 dl/g, as mea sured in methylene chloride at a temperature of 20 °C. The polycarbonates obtainable by 
the first, second and third processes according to the invention are excellent in heat resistance and water 
resistance (resistance to hydrolysis). Moreover, they are excellent in color tone and tensile strength even after 
immersion in boiling water. 

The polycarbonate according to the invention, which has specific amounts of hydroxy terminal groups 
end-capped and reduced chlorine and sodium contents, is excellent in color tone, heat resistance and water 
resistance (resistance to hydrolysis). 

Examples u 
The invention will now be further described with reference to the following examples. It should be 

appreciated, however, that the invention is in no way limited by the examples. 
Methods for measurement of physical properties employed are as follows. 

Intrinsic viscosity (IV): 20 

The intrinsic viscosity of a sample was measured at 20° C on a solution of the sample in methy iene chloride 
(0.5g/dl) using a Ubbelohde's viscometer. 

Hue (b value): 

A press sheet of a sample having a thickness of 2 mm was measured for Lab values by the transmission 25 
method using Color and Color Difference Meter ND-1001 Dp, manufactured and sold by Nippon Denshoku 
Kogyo K.K., and the measured by value was used as a measure of yellowness 

Heat aging test (1): 

Pellets of a sample were dried at 120°C under 400 mrnHg for 12 hours, and 4.5 g of the pellets thus dried was 30 
weighed on Petri dish made of Teflon having diameter of 40 mm and kept for 1 6 hours at 250 ° C in a gear oven 
(GHPS-212 manufactured and sold by Tabai Seisakusho K.K., air replacement ratio 71.6 times/hr.), and then 
cooled to room temperature. The sample so treated was formed into a press sheet of a thickness of 2 mm, and 
measured for hue (b value) and IV. 

35 

Heat aging test (2): 

A press sheet of a sample having a thickness of 3 mm was kept for 1,000 hours at 140 C in a gear oven 
(GHPS-212 manufactured and sold by Tabai Seisakusho K.K., air replacement ratio 71.6 times/hr.), and then 
cooled to room temperature. Hue of the so heat aged press sheet was determined and the yellowness index 
was calculated in accordance with the following equation. 40 
Yl = (71.53 a + 178.82 b)/L 
- (100/Y) x (1.277 X- 1.060 Z) 

Test for water resistance (1): 

A dumbbell of 5 mm width x 5cm length was punched out from a press sheet of 0.5mm thickness, 45 
immersed in boiling water, and withdrawn therefrom after the lapse of 1 day, 3 days and 7 days, respectively. 
Within 1 hour after the removal, the dumbbell thus treated was subjected to tensile test with Instron 1132 
under the conditions a distance of 30 mm between zippers, a rate of pulling of 50mm/min, and a range of 
measurement of 50 kg, thereby measuring a value of elongation (°/o). 



50 
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60 



Terminal structure : 

Terminal OH groups and terminal structure were determined on a solution of 0.4 g of a sample in 3 ml of 
chloroform at a temperature of 40 °C, using 13 C-NMR (GX-270 supplied by NIPPON electronic Industries 
K.K.). The concentration of terminal OH groups was expressed in o/o based on the content of the whole 65 



9 



EP 0 360 578 A2 

terminal groups. 

Concentration of terminal OH groups: 
On a solution of 0.25 g of a sample In 10 ml of methylene chloride, the concentration of terminal OH groups 
5 was determined by measuring an absorption at OH reoups appearing in the proximity of 3580 cm -1 , using 
FT-IR (FT-IR 4300, supplied by SHIMAZU SEISAKUSHO K. K.), followed by calculation. 

Sodium content : 

10 Sodium content of a polymer was determined on ashes from 20 g of the polymer with a critical value of 0.05 
ppm, by atomic-absorption spectrscopy (using HITACHI 180-80, supplied by HITACHI SEISAKUSHO K. K.). 

Chlorine content : 

Fifty g of a polymer was gasified and dissolved in water in accordance with Schoniger's methos, and the 
15 chlorine content was determined with a critical value of 0.05 ppm by ion chromatography (using Ion 
chrophatograph 2000i supplied by DIONEX K. K.). 

Example 1 

A 100 ml glass reactor was charged with 47.08 g (0.220 mole) of diphenyl carbonate (having a sodium 
20 content of less than 0.05 ppm and a chlorine content of 24.0 ppm, supplied by Farbenfabriken BAYER A. G.), 
45.600 g (0.200 mole) of Bisphenol A (having a sodium content of less than 0.05 ppm and a chlorine content of 
16.4 ppm, supplied by G .E. Company), 2.12 g (0.01 mole, that is, 5 mol <Vo/ Bisphenol A) of p-cumylphenol 

and 3.72 mg (3 x 10 -4 mole/mole of Bisphenol A) of boric acid H3BO3 (guaranteed reagent supplied by WAKO 
K. K.) under a nitrogen atmosphere, and the mixture was heated to a temperature of 180 °C. and stirred with a 

30 stirrer made of Ni for a period of 30 minutes. At the end of the period there were added to the reactor 36.48 mg 
of a 15 0/0 aqueous solution of tetramethylammonium hydroxide Me4NOH supplied by TOYO GOSE! K. K. (3x 
10 -4 mole of Me 4 NOH/mole of Bisphenol A) and 0.50 mg (3 x 10~ 4 moie/moie of Bisphenol A) of sodium 
hydrogencarbonate NaHC03 (guaranteed reagent by WAKO K. K.) ( and the mixture was for further 30 minutes 
at a temperature of 180 °C. under a nitrogen atmosphere to effect the ester interchange reaction. 

35 The reactor was then heated to a temperature of 210 °C. and evacuated to a pressure of 200 mmHg. The 
reaction mixture was maintained under these conditions for 1 hour and then at 240 °C. and 200 mmHg for 20 
minutes. The pressure was slowly reduced to 150 mmHg, and the mixture was maintained at 240 °C. for 20 
minutes under this pressure, for further 20 minutes under 100 mmHg, and for 0.5 hour under 15 mmHg. Finally, 
the temperature was raised to 270 °C. and the pressure was reduced to 0.5 mmHg, and the reaction was 

40 continued under these conditions for 2.0 hours. 

Polycarbonate having an IV of 0.50 was obtained. The content of terminal OH groups of the product was 
00/0. 

The results are shown in Table 1. 

45 Examples 2 to 4 Comparative Example 1 

Example 1 was repeated except that each of the sequestering agents indicated in Table 1 was used in an 
amount indicated in Table 1. 
The results are shown in Table 1. 
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Example 5 

A 100 ml glass reactor was charged with 45.368 g (0.212) mole) of diphenyl carbonate (same as used in 
Example 1), 45.600 g (0.200 mole) of Bisphenol A (same as used in Example 1), 3.280 g (0.01 mole, that is, 5 
mol o/o/ Bisphenol A) of 2-carbomethoxy-5-tert.-butylphenyl phenyl carbonate 
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5 



COOCH 



and 3.72 mg (3 x 1 CT 4 mole/mole of Bishphenol A) of boric acid H3BO3 (guaranteed reagent supplied by WAKO 
K. K.) under a nitrogen atmosphere, and the mixture was heated to a temperature of 180 °C. and stirred with a 
stirrer made of Ni for a period of 30 minutes. At the end of the period there were added to the reactor 36.48 mg 
of a 15 0/0 aqueous solution of tetramethylammoniun hydroxide Me4NOH supplied by TOYO GOSEI K. K. (3 x 10 
10- 4 mole of Me4NOH/mole of Bisphenol A) and 0.50 mg (3 x 10" 4 mole/mole of bisphenoi A) of sodium 
hydrogencarbonate NaHC0 3 (guaranteed reagent by WAKO K. K.), and the mixture was for further 30 minutes 
at a temperature of 180 °C. under a nitrogen atmosphere to effect the ester interchange reaction. 

The reactor was then heated to a temperature of 210 °C. and evacuated to a pressure of 200 mmHg. The 
reaction mixture was maintained under these conditions for 1 hour and then at 240 °C, and 200 mmHg for 20 15 
minutes. The pressure was slowly reduced to 150 mmHg, and the mixture was maintained at 240 °C. for 20 
minutes under this pressure, for further 20 minutes under lOOmmHg, and for 0.5 hour under 1 5 mmHg. Finally, 
the temperature was raised to 270 °C. and the pressure was reduced to 0.5 mmHg, and the reaction was 
continued under these conditions for 2.0 hours. 

Polycarbonate having an IV of 0.51 was obtained. The content of terminal OH groups of the product was 20 
1 0/0. 

The results are shown in table 2. 

Examples 6 to 8 and Comparative Examples 2 

Example 5 was repeated except that each of the sequestering agents indicated in Table 2 was used in an 25 
amount indicated in Table 2. 

The results are shown in Table 2. 

Example 9 

Example 5 was repeated except that in place of the 2-carbomethoxy-5-tert-butylphenyl phenyl carbonate, 30 
0.01 mole (5 mol 0/0/BisphenoI A) of diphenyl carbonate was additionally used. 
The results are shown in Table 2. 
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Example 10 

A 500 ml glass reactor was charged with 141.24 g (0.660 mole) of diphenyl carbonate (having a sodium 
content of less than 0.05 ppm and a chlorine content of 15.0 ppm, obtained by washing diphenyl carbonate 
5 supplied by ENNY K. K..twice with hot water of pH 7 and 80 °C. followed by distillation in a yield of 90 °/o), 136.8 
g (0.600 mole) of Bisphenol A (having a sodium content of less than 0.10 ppm and a chlorine content of 0.8 
ppm, supplied by Japan G .E. Plastics Corporation), 6.36 g (0.03 mole, that is, 5 mol o/o/Bisphenol A) of 
p-cumylphenol 




and 3.0 mg (0.025 x 10" 4 mole/mole of Bisphenol A) of a 3 % aqueous solution of boric acid H3BO3 under a 
15 nitrogen atmosphere, and the mixture was heated to a temperature of 180 °C. and stirred with a stirrer made of 
Ni for a period of 30 minutes. At the end of the period there were added to the reactor 91.2 mg of a 15 0/0 
aqueous solution of tetramethylammoniun hydroxide Me4NOH supplied by TOYO GOSEI K. K. (2.5 x 10 -4 mole 
of Me4NOH/mole of Bisphenol A) and 12.0 mg (2.5 x 10 -4 mole/mole of Bisphenol A) of sodium hydroxide, and 
the mixture was for further 30 minutes at a temperature of 180 °C. under a nitrogen atmosphere to effect the 
20 ester interchange reaction. 

The reactor was then heated to a temperature of 210 °C. and evacuated to a pressure of 200 mmHg. The 
reaction mixture was maintained under these conditions for 1 hour and then at 240 °C. and 200 mmHg for 20 
minutes. The pressure was slowly reduced to 150 mmHg, and the mixture was maintained at 240 °C. for 20 
minutes under this pressure, for further 20 minutes under 100 mmHg, and for 0.5 hour under 15 mmHg. Finally, 
25 the temperature was raised to 270 6 C. and the pressure was reduced to 0.5 mmHg, and the reaction was 
continued under these conditions for 2.0 hours. 

Polycarbonate having an IV of 0.50 was obtained. The content of terminal OH groups of the product was 
140/0. 

The results are shown in Table 3. 

30 

Example 11 

A 500 ml glass reactor was charged with 136.1 g (0.636 mole) of diphenyl carbonate (same as used in 
Example 10), 136.8 g (0.600 mole) of Bisphenol A (same as used in Example 10), 9.960 g (0.03 mole, that is, 5 
mol 0/0/ Bisphenol A) of p-cumylphenyl phenyl carbonate 

35 




O 



40 

and 3.0 mg (0.025 x 10 -4 mole/mole of Bisphenol A) of a 3 0/0 aqueous solution of boric acid H3BO3 under a 
nitrogen atmosphere, and the mixture was heated to a temperature of 180 °C. and stirred with a stirrer made of 
Ni for a period of 30 minutes. At the end of the period there were added to the reactor 91.2 mg of a 15 <Vo 
aqueous solution of tetramethylammoniun hydroxide Me 4 NOH supplied by TOGO GOSEI K. K. (2.5 x 10" 4 mole 

45 of Me^NOH/mole of Bisphenol A) and 12.0 mg (2.5 x 10' 4 mole/mole of Bisphenol A) of sodium hydroxide, and 
the mixture was for further 30 minutes at a temperature of 180 °C. under a nitrogen atmosphere to effect the 
ester interchange reaction. 

The reactor was then heated to a temperature of 210 °C. and evacuated to a pressure of 200 mmHg. The 
reaction mixture was maintained under these conditions for 1 hour and then at 240 °C. and 200 mmHg for 20 

50 minutes. The pressure was slowly reduced to 150 mmHg, and the mixture was maintained at 240 °C. for 20 
minutes under this pressure, for further 20 minutes under 100 mmHg, and for 0.5 hour under 15 mmHg. Finally, 
the temperature was raised to 270 °C. and the pressure was reduced to 0.5 mmHg, and the reaction was 
continued under these conditions for 2.0 hours. 
Polycarbonate having an IV of 0.50 was obtained. The content of terminal OH groups of the product was 

55 14 0/0. 

The results are shown in Table 3. 

Example 12 

Example 1 1 was repeated except that in place of the p-cumylphenyl phenyl carbonate, diphenyl carbonate in 
60 an amount indicated in Table 3 was additionally used. Polycarbonate having an IV of 0.52 was obtained. The 
content of terminal OH groups of the product was 14 0/0. 
The results are shown in Table 3. 
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EX Exa P mple 3 1 0 was repeated except that the reaction at 270 °C. under 0.5 mmHg was carried out for 2.2 hours. 
Polycarbonate having an IV of 0.52 was obtained. The content of terminal OH groups of the product was 7 o/o. 
The results are shown In Table 3. 

Examp le 14 

Example 12 was repeated except that the reaction at 270 °C. under 0.5 mmHg was carried out for 2.2 hours. 
Polycarbonate having an IV of 0.52 was obtained. The content of terminal OH groups of the product was 7 o/o. 
The results are shown in Table 3. 

Ex ample 15 . . 

""ExampielO was repeated except that the reaction at 270 °C. under 0.5 mmHg was carried out for 2.5 hours. 
Polycarbonate having an IV of 0.53 was obtained. The content of terminal OH groups of the product was 2 o/o,. 
The results are shown in Table 3. 

Example 16 

Example 12 was repeated except that the reaction at 270 °C. under 0.5 mmHg was carried out for 2.5 hours. 
Polycarbonate having an IV of 0.56 was obtained. The content of terminal OH groups of the product was 2 o/o. 
The results are shown in Table 3. 

Exam ple 17 ^ 

Example 12 was repeated except that the NaOH was used in an amount indicated in Table 3 and the reaction 

at 270 °C. under 0.5 mmHg was carried out for 2.2 hours. 

The results are shown in Table 3. 

Ex ample 18 , _,. T n 

Example 12 was repeated except that the NaOH was used in an amount indicated in Table 3 and the reaction 

at 270 °C. under 0.5 mmHg was carried out for 1.8 hours. 
The results are shown in Table 3. 

Examples 19 to 22 -r u. o 

— Example 12 was repeated except that instead of the NaOH sodium compounds indicated in Table 3 was 
used in an amount indicated in Table 3. 
The results are shown in Table 3. 

Comparative Example 3 

Example 12 was repeated except that the catalyst was replaced as indicated in Table 3 and the reaction at 
270 °C, under 0.5 mmHg was carried out for 1 hour. 
The results are shown in Table 3. 

Com parative Examples 4 and 5 
Example 12 was repeated except that the diphenyl carbonate in amounts indicated in Table 3 was 

additionally used. 
The results are shown in Table 3. 

Comparative Example 6 

Properties of a polycarbonate prepared by an interface process from Bisphenol A and phosgene and 
supplied by G .E. Company (having an IV of 0.50 dl/g, a terminal hydroxyl content of 0 o/o, a sodium content of 
less than 0.5 ppm and a chlorine content of 30 ppm) are shown in Table 3. SO 
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Examples 23-25 

Example 12 was repeated except that instead of the NaOH compounds indicated in Table 4 was used in an 
amount indicated in Table 4. 
The results are shown in Table 4. 
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Claims 



1 A process for the production of a polycarbonate by the melt polycondensation of an aromatic 
dihydroxy compound and a carbonic acid diester wherein said polycondensation is carried out in the 
presence of from 0.05 to 15 mol o/o, per mole of the aromatic dihydroxy compound, of a phenol having 
from 10 to 40 carbon atoms or a carbonic acid diester having from 13 to 50 carbon atoms using a catalyst 
comprising 

(a) a nitrogen-containing basic compound, 

(b) from 10- 8 to 10-3 mo | e , per mole of the aromatic dihydroxy compound, of an alkali metal or alkaline 
earth metal compound, and optionally 

(c) boric acid or a boric ester, 

to produce a polycarbonate in which not more than 30<Vo of the terminal groups are hydroxy terminal 
groups and which has an intrinsic viscosity fr] of from 0.3 to 1.0 dl/g, as measured in methylene chloride 
at a temperature of 20° C. 

2 A process according to claim 1 wherein the boric acid or boric ester (c) is present. 

3. A process according to claim 1 or 2, wherein said phenol has from 10 to 25 carbon atoms. . 
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4. A process according to claim 1 , 2 or 3 wherein said phenol is a binuclear phenol. 

5. A process according to claim 1 or 2 wherein said phenol is p-cumylphenot. 

6. A process according to claim 1 or 2 wherein the compound is a carbonic acid diester of 13 to 16 
carbon atoms or a carbonic acid diester of 17 to 50 carbon atoms. 

7. A process according to any one of the preceding claims wherein the polycarbonate has a sodium 
content of not more than 0.5 ppm and a chlorine content of not more than 10 ppm. 

8. A process according to any one of the preceding claims wherein from 5 to 25% of the terminaf 
groups of the polycarbonate are hydroxy groups. 

9. A composition comprising a polycarbonate wherein from 10 to 30% of the terminal groups are 
hydroxy groups. 

10. A composition comprising a polycarbonate wherein not more than 30°/o of the terminal groups are 
hydroxy groups, said polycarbonate having a sodium content of not more than 1 ppm and a chlorine 
content of not more than 20 ppm. 

11. A composition according to claim 10 wherein from 5 to 250/0 of the terminal groups of the 
polycarbonate are hydroxy groups. 

12. A composition according to claim 11 wherein from 10 to 200/o of its terminal groups are hydroxy 
groups. 

13. A composition according to any one of claims 10 to 12 having a sodium content of not more than 0.5 
ppm and a chlorine content of not more than 10 ppm. 

14. A composition according to any one of claims 9 to 13 when produced by melt polycondensation 
processes. 
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